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Aim: ADC design for The LHC
(Large Hadron Collider), CERN

* ADC specifications:
e 14-bit design: To accommodate high dynamic range (16 bit)

* 40MSps

* To design: intermediate block
* Increase accuracy to 14 bit (or enhance the dynamic range)
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Previously: 4x Branch simulation
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Previous results:
4x branch@ 5MHz Input, 40MSPS

e Simulations contain:
 Transistor level transient simulation
 Transient noise enabled

e Tt, ff, ss, sf and fs corners simulated for 0°C and 50°C
* Worst case (ssO) limited by both noise and distortion

SNR (dB) | SDR(dB) | SNDR (dB) m Vout , (diff)
(V)
1.6

tt 0 63.0 68.5 62.0

tt 50 62.3 74.0 62.0 111 1.6

ss O 63.3 64.8 61.1 86 1.6
(worst THD)

ff 50 62.4 82.7 62.4 121 1.6



1x Branch simulation
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1xbranch result @ 5MHz Input,
A0MSPS

e Simulations contain:
 Transistor level transient simulation
 Transient noise enabled

* Only ss 0°C simulated (worst case for SDR)
e Obtained SNDR of 61dB (similar to 4x branch)
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Important: Transistor sizes!

Transistor level differential amplifier

YWaup @ - & -

. M4 M5
i Hl:_ w_ztgl_cmfh _4E__“ R?)’C?)

' Wi

|
COSC_pmos_in® I M7 % ol M12
L el p——— BStg10utP
e
] R1 R2 B Stg T0uth
InP »— M1 M2 = _m—«—m | Stg 100t R4,C4 y ]
" —Cct—¢2 % b M13
I _nmoa_tail_curren t_drain gl IE outh [ ]
M8 M9 u » Outh
YW_ibina nmos_tailCurrent » Ié 3 _LZ)I_J‘[F'.OUJ[I:J
5 E g M4 g mis
_ I m10 M11 | v
cOsc_nmos_in %
nmos_folded_biaos »
Yormnfh
Ygnd

M1,M2 = 1920u/240n M4,M5 £3840u/2400.12,M13 = 1920u/240n R1,R2 = 200kQ)
M3 = 1280u/240n M6, M7= 5760u/240n \14 M15 = 640u/240n R3,R4 =0(zero)Q)

718,M9 = 1920u/240n C1,C2 = 1pF

W/L=16,000 " 110, M11 = 640u/240n Cload =4pF  C3,C4 = 14pF



Discussion: Large transistor sizes

* Necessary because RVT devices used currently:
 Differential input pair: 600mV common mode.
* V,, =550mV for worst corner.
* Need to go in weak inversion, using large sizes
e Large current additionally necessitates huge transistor sizes

* Current plan:

* Complete 1t version at system level with current design (large
transistors)

* Plan for 2"? version of the design:
* Use of LVT devices, V,, is 426mV for worst corner.

* Smaller transistor size is expected, though devices will still be
relatively large
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Output for 1x branch corrupted!

] Output FFT 26dB THD! I

; 46dB THD! '

1 Input FFT

00 25 50 7.5 100 125 150 17.5
freq (MHz)

1x branch selected for combined 1x and 4x branch schematic.
Fin = 127/1024*Fs, Input Amplitude = 0.4V
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Reason: Strong non-linearity from 4x branch
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Proposed improvement
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Simulation results (ss 0°C,
transistor level, 5SMHz input)
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SNDR (dB)

Current status on SNDR curve
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Ideal svstem level SNDR plo

Pulse Gain: 50
Sub Gain: 4
ADC margin: 10dB
SNDR margin:-5dB
12 bit ideal ADC
Used after sampling
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DRE input requirements: Updated

Previously:

Input Resistance to be
driven

Input Capacitance to be
driven

Vpp differential input

Additionally:

Can we have two
decoupled outputs from
previous interface chip?

This will greatly simplify 1x
and 4x coupling challenges

250Q) single ended (1x and 4x branch
having 500Q) each)

17pF Single ended (8pF each for 1x and
4x branch and 1pF for Sampling ADC)

1.6V

————

Decoup‘iiétc‘j“ -

outputs
15



Future plans

* Implement automatic gain selection mechanism.
e Start with LVT version of amplifier.

* Chip tapeout plans:
* Chip 1: Only DRE block

* Area estimate: Imm x 1mm

» Chip 2: DRE + 12 bit ADC (combined with UT-A)

* Inner area estimate (without pads): 0.5mm x 0.8mm



Backup slides



Alternate switch position for 4x
branch

Benefit: Unlike previous version, common mode settling is not required

Verification still in progress.
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Switching selection scheme
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Switching selection
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Switching selection
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System level SNDR requirements

Ideal system level SNDR plot
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* 1-bit provided by —
sample stage MDAC

e 11-bit ADCis expected Y. 7294
to provide 67.7dB 60 ]
SNDR

* Overall 12-bit ADC 550 D,eﬁ"’”o |
requirement of 73dB £, e 1

obtained by
combination of 1-bit 3
output and 11-bit ADC

* |deally need 67dB ol

SNDR at the MDAC A A R R
output. 10° 10° 10° 10" 10"

Normalized Voltage to full scale
* Currently worst case
SNDR is 61dB. 22
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System level requirements satisfied!

1-bit provided by
sample stage MDAC

61.1 dB SNDR obtained
in the worst case
simulation

After combining, SNDR
obtained is 67.1dB

!

* Overall system
level
requirements are
still satisfied
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Power consumption for 4x branch

* For ss 0°C case:

* Total power = 86mW
* 4x Amplifier power = 58mW (67%)
e Sampling Amplifier power = mW (33%)

* Power required in 4x Amplifier to increase SNR

(e —————— — — — POWER CONSUMPTION
T

| | Sampling

I 1%

Amplifier (33%)

AxAmplifier
(67%)

——————————— J 24



V (V)

Sampled output waveform

1.0

Output Common Mode

Differential Output

Sample and hold clock

non-overlap period

Value settled by the

end of hold clock

Hold clock

325.0 350.0 375.0 400.0 425.0 450.0 475.0
time (ns)

4x branch transistor level simulation for:
- 0.1V input amplitude (8x gain at output)
- tt 0°C corner
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